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cord, and rhombic lip. We conclude that Math5-GFP mice are a
useful tool to study optic projections in the brain. Furthermore,
we propose that 3V regulatory elements restrict Math5
expression to the retina and cochlear nucleus.
doi:10.1016/j.ydbio.2006.04.186
165
Paired-less Pax6 has a role in eye development
Jiha Kim, James D. Lauderdale
Dept. of Cellular Biology, Univ. of Georgia, Athens, GA, USA
Pax6, a member of the paired-family of transcription factors,
is required for development of the eye. Recent studies have
shown that Pax6 affects cell proliferation, cell fate decisions,
and patterning. These diverse functions appear to be mediated
by different isoforms of the Pax6 protein. Three isoforms of the
Pax6 protein have been reported in mammals. The canonical
form contains the paired domain (PD), paired-type home-
odomain (HD), and a transactivation domain (PST). This
isoform is expressed in most cells that express Pax6. The
second isoform contains a 14 amino acid insertion in the N-
terminal subunit of the PD. The third isoform lacks the paired-
domain (Pax6DPD); however, little is known about where this
isoform is expressed or its normal function in vivo. To
investigate the role of Pax6DPD, we used a Pax6 BAC
transgene that we developed to over-express this isoform in
those cells that normally express it. Over-expression of
Pax6DPD causes a severe microphthalmic phenotype in wild-
type mice carrying 18 copies of the transgene. A similar
phenotype was observed in Small eye mice carrying 8–10
copies of the transgene. Microphthalmic eyes appear to lack
lenses and exhibit several morphological defects. Analysis of
lens development in these mice revealed that the lens
degenerated via apoptotic cell death between e12.5 and e15.
These results suggest a role for Pax6DPD in eye development,
which may be different than that ascribed to canonical Pax6.
doi:10.1016/j.ydbio.2006.04.187
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Function of Lmx1b in the development of ocular anterior
segment
Pu Liu, Randy L. Johnson
Univ. of Texas at Houston, MD Anderson Cancer Center,
TX, USA
The anterior segment (AS) of murine eye is important for
normal ocular function. Malformation or dysfunction of AS
can lead to many ocular diseases, the most common of which
is glaucoma. It has been demonstrated that mutations of a
gene encoding a LIM homeodomain transcription factor
LMX1B cosegregate with the glaucoma associated with a
congenital disease called nail patella syndrome. Our studies on
homozygous mutant mice of Lmx1b, the mouse orthologue of
human LMX1B, have determined that Lmx1b is required for
development of multiple tissues of the AS. Lmx1b is
expressed in the periocular mesenchyme (PM). Our fate
mapping experiments showed that the neural crest is the major
contributor of PM and suggested that Lmx1b is expressed in
neural-crest-derived PM. To determine whether Lmx1b plays
a specific role in the neural crest precursors, we generated
neural-crest-specific Lmx1b knockout mice and found that
Lmx1b is required for the specification of cornea. Lmx1b is
not only expressed in the eye during embryogenesis but is
also maintained in the adult iris, cornea and trabecular
meshwork (TM). To elucidate the role of Lmx1b in the TM
development, we generated PM-specific Lmx1b knockout
mice and determined that Lmx1b is required in the PM for the
formation of TM. We will also employ conditional gene
targeting methods to examine whether Lmx1b functions in the
adult eye to regulate the extracellular matrix composition of
the TM. Our studies will advance the understanding of
molecular mechanisms that leads to glaucoma associated with
nail patella syndrome and help in diagnosis and treatment of
this disease.
doi:10.1016/j.ydbio.2006.04.188
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Long-range regulation of Hoxa13 in limb development
Jessica A. Lehoczky, Melissa E. Williams, Jeffrey W. Innis
University of Michigan, Ann Arbor, MI, USA
The posterior HoxA and HoxD genes are essential in
appendicular development. Prior studies have demonstrated
that a ‘‘distal limb enhancer’’, remotely located upstream of
the HoxD complex, is required to drive embryonic autopod
expression of the posterior Hox genes as well as the two
additional non-Hox genes in the region: Evx2 and Lnp. Our
work demonstrates a similar mode of regulation for Hoxa13
and four upstream genes: Evx1, Hibadh, Tax1bp, and Jaz1.
These genes all show embryonic (E11.5–E13.5) distal limb
and genital bud expression, suggesting the existence of a
nearby enhancer influencing the expression of a domain of
genes. Comparative sequence analysis between homologous
human and mouse genomic sequence upstream of Hoxa13
revealed a remote 2.25 kb conserved non-coding sequence
(mmA13CNS) within the fourth intron of the Hibadh gene.
mmA13CNS shares a common 131 bp core identity within a
conserved non-coding sequence upstream of Hoxd13, which
is located within the previously identified ‘‘distal limb
enhancer’’ critical region. To test the function of this
conserved sequence, we created both mmA13CNS-Hsp68-
lacZ and mmA13CNS-Bglobin-lacZ transgenic mice.
mmA13CNS directed a wide range of tissue expression
including the central nervous system, limb, and genital bud.
Limb and genital bud expression directed by mmA13CNS is
not identical to the patterns exhibited by Hoxa13/Evx1/
Hibadh/Tax1bp1/Jaz1, suggesting that mmA13CNS is not
sufficient to fully recapitulate their expression in those tissues
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and additional genomic sequences may be necessary for
appropriate Hoxa13-like expression.
doi:10.1016/j.ydbio.2006.04.189
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Hox11 genes interact with Eya1 and Pax2 to activate Six2
and Gdnf expression during metanephric kidney induction
Deneen M. Wellik, Alisha Yallowitz, Nancy Gong,
Gregory R. Dressler, Hanshi Sun
University of Michigan Medical Center, Ann Arbor, MI, USA
The Hox complex of genes is critical to many developmental
processes, but few pathways by which Hox transcription factors
regulate downstream genes have been defined. Indeed, very few
downstream targets of Hox genes have been identified. By
removing all six functional alleles of the Hox11 paralogous
group genes, we generated animals which have no kidneys. The
metanephric blastema forms early in development, but no
ureteric bud induction occurs. This phenotype occurs with
100% penetrance and is due to loss of the expression of Six2 as
well as Gdnf, the inducing ligand for ureteric budding. We have
shown that Hox11, Eya1 and Pax2 proteins physically interact
and synergistically regulate the expression of Six2 and Gdnf,
identifying two new potential downstream targets of Hox genes.
Furthermore, a single site has been identified in the Six2
promoter region that binds the Hox11–Eya1–Pax2 complex
and confers Hox–Eya–Pax-mediated transcriptional activity.
Preliminary molecular and genetic studies demonstrate that
interaction between other Hox paralogous groups and the
conserved Pax–Eya–Six network exists and suggest that Hox
interaction and coregulation with the Pax–Eya–Six regulatory
network may represent a conserved developmental mechanism.
doi:10.1016/j.ydbio.2006.04.190
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Molecular analysis of a polydactylous chicken
Cortney M. Bouldin 1, Martin J. Cohn 2, Brian D. Harfe 1
1 Department of Microbiology and Molecular Genetics, Univ.
of Florida, Gainesville, FL, USA
2 Department of Zoology, Univ. of Florida, Gainesville,
FL, USA
Spontaneous mutations in vertebrate organisms have been
successfully used to elucidate information about limb patterning.
We analyzed a spontaneous mutant of the species G. gallus
commonly referred to as ‘‘Dorkings’’ in an attempt to identify the
molecular basis for the formation of a polarized extra hindlimb
digit. Two signaling centers have been implicated in producing
polarized ectopic digits: the apical ectodermal ridge (AER) and
the zone of polarizing activity (ZPA). The AER forms through
the condensation of ectodermal cells located on the distal edge of
the limb bud. The ZPA is defined as distal, posterior
mesenchymal tissue that expresses the secreted protein sonic
hedgehog (Shh). In Dorking embryos, we have found that the
AER markers fibroblast growth factors 4 and 8 (Fgf4 and Fgf8)
were ectopically expressed, Shh was not ectopically expressed,
and the Shh target gene Patched 1 (Ptc1) was also not ectopically
expressed in Dorking embryos. These data suggest that in
Dorking chickens expanded Fgf expression does not cause
ectopic Shh signaling but may directly result in polydactyly.
Currently, we are validating results by real time PCR and testing
the role ectopic Fgf expression plays in ectopic digit formation
by recombining mutant ectoderm with wild type mesoderm in
organ culture experiments.
doi:10.1016/j.ydbio.2006.04.191
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Hox-dependent regulation of Rhomboid during chordotonal
organ development
David E. Li-Kroeger, Brian A. Gebelein
Cincinnati Children’s Hospital Medical Center, Cincinnati,
OH, USA
Each segment of aDrosophila embryo develops a stereotypic
pattern of sensory organs. The correct patterning of sensory
organs during development depends on inputs of proneural
genes and anterior–posterior positional cues. One type of
sensory organ, the chordotonal organ, consists of from 1 to 80
closely associated sensory structures called scolopodia. Each
scolopodium arises from a single sensory organ precursor (SOP)
cell that divides to form four cell types: a neuron, a scolopale
(glial) cell, a cap cell, and a ligament cell. Chordotonal organs
exhibit Hox-dependent differences in abdominal versus thoracic
segments. One set of serially homologous chordotonal organs,
for example, differ in the number of scolopodia (3 in thorax
versus 5 in abdomen) and their position (dorsal in the thorax
versus lateral in the abdomen). Here, we identify an enhancer of
Rhomboid (Rho654), a gene important in chordotonal organ
development, which is sufficient to drive expression in one
neuronal precursor cell of abdominal chordotonal organs. We
show by transgenic fly reporter assays that expression of Rho654
in vivo is hox-factor-dependent and dependent on input from
neural factors. We also show by DNA binding assays that
complex formation can occur between hox factors and cofactors
on sequences found in Rho654. Thus, we provide direct
evidence of regulation of Rhomboid by Hox factors on an
enhancer specific to one SOP in abdominal chordotonal organs.
doi:10.1016/j.ydbio.2006.04.192
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The role of Tbx20 in endocardial cushion cell proliferation
and extracellular matrix remodeling during heart valve
development
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